Background and Purpose: Depression affects millions of adolescents in the United States each year. This population may benefit from targeted preventive interventions. We sought to understand the internal factors that affect the ability of healthcare organizations to implement an intervention that involves mental health screening and depression prevention treatment of at-risk adolescents in primary care settings. Methods: From November 2011 to July 2016 we conducted a study of the implementation of a multisite (N=30) phase 3 randomized clinical trial of an Internet-based depression prevention intervention program (CATCH-IT). We describe the prevalence of internal barriers on the screening and enrollment process by reporting REACH (the proportion of target audience exposed to the intervention). Results: A total of 369 adolescents were randomized into the intervention or control program. Mean REACH values for the study clinics were 0.216 for screening and 0.181 for enrollment to CATCH-IT. Mean REACH enrollment lost due to internal barriers was 0.233. This translated to 4,691 adolescents lost at screening and 2,443 adolescents lost at enrollment due to internal barriers. Conclusion: We propose a model of the implementation process that emphasizes the importance of positive relational work that assists in overcoming internal barriers to REACH. We also provide implications for policy and practice.
Introduction
It is estimated that 13-20% of adolescents living in the United States experience depression in any given year (Angold et al., 2002; National Research Council and Institute of Medicine, 2009; World Health Organization, 2014) . Adolescents with depression have a higher incidence of physical illness and social problems (Janssens, Rosmalen, Ormel, van Oort, & Oldehinkel, 2010; Khalil et al., 2010; Knapp, King, Healey, & Thomas, 2011) , and are at elevated risk for suicide and recurrent depressive episodes throughout their lifetimes (KeenanMiller, Hammen, & Brennan, 2007; Pettit, Lewinsohn, Roberts, Seeley, & Monteith, 2009 ). In the last decade, the field of public health has begun exploring complex psychosocial preventive interventions that use technology to target high-cost conditions such as depression (Arnberg, Linton, Hultcrantz, Heintz, & Jonsson, 2014; Lokkerbol et al., 2014; Van Voorhees et al., 2011) . We developed CATCH-IT (Competent Adulthood Transition with Cognitive-Behavioral Humanistic and Interpersonal Training), a 14-module Internetbased depression prevention intervention, to help address the needs of adolescents who are not receiving adequate mental health services.
External Barriers
Implementation of an intervention may be affected by political, organizational, and behavioral factors-both external and internal to healthcare organizations-that may delay or inhibit administration. Examples of external barriers include unanticipated events such as economic downturn, strict healthcare regulations, and terrorist attacks; these factors may restrict the time available for clinics to participate in an intervention or force a clinic to redistribute resources (McAlearney, Walker, Livaudais-Toman, Parides, & Bickell, 2016) . Governmental policy regulations such as the Affordable Care Act of 2010 and the Health Insurance Portability and Accountability Act of 1996 may have complex overlapping policies and regulations that are designed to protect patient policy but actually impede the ability of policy makers to implement interventions (Bova, Drexler, & Sullivan-Bolyai, 2012; Midkiff et al., 2016; Ness, 2007) . These external barriers may reduce the proportion of the target population that receives an intervention. However, it is difficult to quantify how much participation is reduced because of these external events and policies.
Internal Barriers
We now focus on internal barriers potentially relevant to successful implementation of our intervention.
Our previous studies on the implementation of CATCH-IT during a phase 2 clinical trial, conducted from 2007-2010, considered internal barriers that prevented the intervention from reaching the target population. Internal barriers may relate to parent, adolescent, and primary care stakeholders. Our previous work describing such internal barriers included the varying intrinsic levels of motivation in adolescents who entered the study and the perceived authority of the physician from the adolescent perspective (Iloabachie et al., 2011; Ruby, Marko-Holguin, Fogel, & Van Voorhees, 2013; Van Voorhees et al., 2009) . Other organizational internal barriers may include limited time and reimbursement for services, poor staff education and training, general disinterest or lack of knowledge in mental health prevention, poor administrative support for clinic staff during screenings, and lack of effective communication between members of the medical team (Hacker et al., 2013; Josyula & Lyle, 2013) .
Internal barriers to successful implementation of an intervention can be quantified using the RE-AIM framework [Reach EffectivenessAdoption Implementation Maintenance], which assesses the public health impact of an intervention in a real-world setting. We incorporated this framework with a focus of REACH on the proportion of the target audience exposed to the intervention (Eisen et al., 2013) to measure a site's ability to screen at-risk adolescents. If an intervention focused on prevention cannot reach the target at-risk population, it is unlikely, no matter how effective the intervention, to significantly contribute to public health. Understanding REACH lost, and the contributory internal barriers, is a key step to successfully implementing a public health intervention in the current healthcare system. While several studies report REACH lost to various causes (Chung, Lee, Morrison, & Schuster, 2006; Sareen et al., 2007; Uema, Vega, Armando, & Fontana, 2008) , to our knowledge this is the first report that quantifies and examines these internal barriers in relation to adolescent mental healthcare.
The focus of this paper is on the implementation of the recruitment process. We sought to describe the potential impact of internal barriers, how study staff worked to surmount these barriers, and the capability to implement mental health screening and treatment of at-risk adolescents within seven health systems.
Methods

Study Design
From February 2012 to July 2016, we recruited participants for a phase 3 randomized clinical trial comparing the efficacy of CATCH-IT to a general health education control intervention program for preventing the onset of depressive episodes in an intermediate to high-risk group of adolescents. Recruitment occurred at a total of 30 sites centered in pediatric primary clinics in seven healthcare systems within urban and suburban areas of Chicago, IL, and Boston, MA. The analyses in this study involved clinics with medical assistants and/or registered nurses who conducted screenings for at least four months.
Adolescents between the ages of 13 and 18 were screened in a two-step process. First, at the primary care office, they answered a two-item questionnaire based on the Patient Health Questionnaire-Adolescent (PHQ-A) (Richardson et al., 2010) . Next, as a part of the phone screening process, they were assessed using a 10-item shortened scale of the Center for Epidemiologic Studies Depression (CES-D) (Garrison, Addy, Jackson, McKeown, & Waller, 1991) . In addition to this routine screening, letters inviting participation were sent to registered patients, or their parents, who had visited the clinics in the previous two years and were within this age range; interested families contacted us for a phone screen to determine eligibility. Inclusion criteria included either a past major depressive disorder diagnosis, or a CES-D score of 8-17 (scores of 18-20 were considered with permission of the principal investigators). Anyone with a current diagnosis of major depressive disorder, comorbid mental health diagnosis of schizophrenia (current or past) or bipolar affective disorder, serious suicide risk, or alcohol/drug disorder was excluded. A complete description of the intervention and trial methods has been previously published (Gladstone et al., 2015) .
Staff Training and Monitoring
The original communication and management strategy was revised during the course of the trial. We originally intended to show a professionally produced comprehensive study training video for 55 minutes. The intent of the video was to expedite implementation, reduce staff time devoted to training sites, and ensure consistency by essentially following a corporate training model. Similarly, we intended for staff to follow a very carefully developed communication strategy with adolescent and family participants to guarantee there was no confounding of study arms with extensive conversation at enrollment and the follow-up assessment points. These strategies did not resonate with staff and participants. Office staff reported feeling "off put" and "disengaged" from these videos and the structured communication strategies, which resulted in minimal participation in the study model. With regard to adolescent participants, we noted substantial problems maintaining interest and engagement in the trial. Additionally, study participants reported they felt study staff "were like robots" in conducting carefully scripted structured psychiatric interviews at baseline. Therefore, this training model was re-evaluated and revised as we were enrolling participants.
The principal investigators and staff developed new models placing all elements of the project into a relationship-centered and authentic (nonviolent) communication model (Nosek, 2012 ) with a particular focus on maintaining authenticity and sincerity. Based on work with theory of healthcare teams (DeFrino, 2009; Mickan & Rodger, 2005) , staff were retrained to work on relationship building to develop trust before their actual training. Similarly, a consultant was engaged to revise the corporate engagement model. This revised approach included the shared motivations of the stakeholders to successfully complete the trial.
Sample/Data Collection
Over 40,000 adolescents were contacted for this study. A total of 439 participants were recruited and enrolled; of these, 369 were randomized into the CATCH-IT or health education program. The rest were dis-enrolled after the baseline assessment due to exclusion criteria that were found in the assessment. In this design, participants were assessed at time points of 2, 6, 12, 18, and 24 months. We collected data for each clinic from the beginning of the potential recruitment period through July 2016.
Measures Development of REACH Screening and Enrollment
We estimated that 21% of adolescents would initially screen positive based on PHQ-A scores, and that adolescents visit their primary care provider (PCP) once every 18 months (Uema, Vega, Armando, & Fontana, 2008; Van Voorhees, Melkonian, Marko, Humensky, & Fogel, 2010) . Based on these estimates, we developed an equation to measure the proportion of the target audience that was assessed at each clinic of REACH screening. For those sites where months of screening participation was greater than 18 months we capped the value at 18 months. This was done because after 18 months, we assumed that all patients would have circulated through the clinic once.
Enrollment was defined as adolescents who completed baseline assessments. We determined that 6.8% of adolescents we screened would meet the criteria for study enrollment and be at risk for MDE (Jones, 2008) . The proportion of the target audience at each clinic that was exposed to the intervention was calculated by REACH enrollment. For those sites where months of screening participation was greater than 18 months we capped the value at 18 months. This was done because after 18 months, we assumed that all patients would have circulated through the clinic once.
REACH Enrollment Lost to Internal Barriers
REACH enrollment lost to internal barriers was quantified by the difference between the theoretical gold standard for REACH enrollment and the REACH enrollment performance at each site. We defined the gold standard as the mean value of the three largest REACH enrollment values excluding the top outlying clinic with the highest REACH. Sites with negative values were considered as 0.00 REACH lost, as these sites would have performed better than the gold standard. Sites that were included in the calculation for mean value were considered to have REACH lost if the REACH enrollment value was above the gold standard value. REACH enrollment lost to internal barriers was: (Gold standard REACH enrollment -REACH enrollment at the individual site).
Analyses
We calculated the number of adolescents we expected to screen positive = (total number of adolescent patients) x (0.21). Our measure of total adolescents lost to screening barriers = expected positive screens -observed positive screens. We calculated the number of adolescents at risk for MDE = (total number of adolescent patients) x (0.068). Adolescents lost to enrollment barriers = adolescents at risk for MDE -number of adolescents enrolled. A negative value for lost to enrollment was considered as 0.
Results
REACH Screening and Enrollment
Of the 30 participating clinics, there were 42,310 adolescents with data available from 29 clinics. Table 1 shows that for the Chicago sites, clinics yielded an average REACH screening of 0.216 (range: 0.034 to 0.591). As positive screen totals were not collected at the Boston sites, we could not calculate REACH screening for those sites. Across all clinics (N=30), 439 were enrolled through screening over an average of 27.6 months per site. Among clinics with total patients screened (N=29) the average REACH Enrollment was 0.181 (range: 0.009 to 1.023). Table 2 shows that 2,877 were identified as at risk for a major depressive episode. Note: NA=not applicable a Proportion of the total number of adolescents seen at each clinic who screened positive during the screening months and were expected to screen positive b Proportion of the total number of adolescents seen at each clinic who were enrolled during the study and were expected to enroll c Difference between the average REACH enrollment of the top-performing sites and the proportion of adolescents enrolled at each clinic Table 1 shows that the top three performing clinics from both the Chicago and Boston sites, excluding the top outlier clinic, obtained REACH Enrollments of 0.458, 0.368, and 0.341, providing a gold standard (based on the "average" of these high performing clinics) of 0.389. REACH lost to internal barriers had a mean of 0.233 across all sites. A total of 4,691 adolescents were lost to screening barriers, and 2,443 adolescents were lost to enrollment barriers. (Figure 1 ) based upon our study experience that we describe below. The participant is the focus of this process, with the outcome of the research process embedded in the participant. As the model shows, the study staff works with the PCP and clinic staff to engage the participant. However, this participant engagement process can be potentially hindered by various internal organizational barriers of clinic operational challenges. Ongoing relational communication work with study staff increases motivation among PCPs and clinic staff to continue the screening and participation in the study.
REACH Lost to Internal Barriers
The specific relational work that was used to affect REACH included the impact of the PCP influence on the medical staff and the participant, the relationship between the clinic staff and the participant, and the importance of consistent, relational communication between the study staff and the clinic staff. For optimal screening, there had to be consistent and welcomed interaction between study staff and clinic staff where troubleshooting, appreciation, and gratitude were regularly expressed to the clinic staff and PCPs. This genuine acknowledgement of appreciation and occasional apologies for difficulties with the study, in any situation, was effective and necessary.
Further, relational work is key to motivating and maintaining active adherence in the study despite the mounting barriers. For example, PCP involvement in discussing the clinical experiences of treating adolescents with depression helped motivation in the study. The feeling of professional obligation to address mental health concerns in adolescents encouraged PCPs to fight through the daily internal barriers. In a similar manner, certain medical assistants developed a sustained motivation by recognizing the importance of their role in mental health screening in the care of adolescent patients. As the study progressed, an increased confidence in the staffs' ability to deliver the screening tool was recognized, which improved communication with the patients. Throughout, the Relational Work Implementation Model is a fluid and consistent evaluation by study staff. It is strengthened by relational involvement in evaluation of the progression of the study within the clinic. If the study staff are able to surmount internal organizational barriers, then any necessary revisions can be made and then incorporated into the study staff's work with the PCPs and clinic staff.
Discussion
Using the REACH component of the RE-AIM model to quantify the portion of adolescents at risk for depression who were identified through screening, we found a mean REACH screening of 0.216. The mean REACH enrollment was 0.181 across all sites, with the included gold standard sites achieving REACH enrollments of 0.458, 0.368, and 0.341 respectively. Internal barriers to screening and enrollment accounted for a mean REACH lost of 0.233.
REACH enrollment in this study may be lower than that observed for other prevention services. When investigating the success of the currently accepted prevention protocols for osteoporosis, human papillomavirus (HPV), and colon cancer, approximately 45-65% of eligible patients adhere to screening recommendations (Frazier, Colditz, Fuchs, & Kuntz, 2000; Meissner, Breen, Klabunde, & Vernon, 2006; Miller et al., 2005; Zhang et al., 2012) , and 60-75% of these patients return for follow-up with their physicians (Paskett, White, Carter, & Joseph, 1990; Vijan, Hwang, Hofer, & Hayward, 2001) . Averaging these REACH values yields a mean REACH enrollment of 0.292, which is higher compared to the 0.181 obtained in this study. However, as a trial screening protocol, we believe our approach is a feasible preventive intervention for adolescent depression. Barriers specific to our particular intervention, mental health prevention, and/or the present healthcare environment may explain this difference (Baker et al., 2010; Carnevale, 2013) .
Internal barriers are important to address in the early stages of implementation. In this study, over 2,000 adolescents were not enrolled in the intervention because of internal barriers. Screening and engaging adolescents in primary care for the purpose of depression prevention involves both the choreography of complex practice activities and also a heightened level of emotional engagement between staff, adolescents, and parents. Others too have noted the challenge of introducing into the busy primary care workflow conversations with substantial prospect of emotional content which may cause either distress by staff from contact with these emotions or slow the medical activities of the practice. (Asarnow, Jaycox, & Anderson, 2002; Meredith et al., 1999) .
Relational work between the PCPs, medical staff, parents, study staff, and the adolescents can help alleviate the REACH lost to internal barriers in clinical practice (Becker & Maiman, 1980; Charlton, Dearing, Berry, & Johnson, 2008; Gittell, Godfrey, & Thistlethwaite, 2013; Kaplan, Greenfield, & Ware, 1989) . We found that working with the staff to instill a high level of motivation in the study by maintaining relational communication between study staff and clinic staff can strengthen and sustain a high efficacy of screening and enrollment. Also, as adolescents see the dedication and motivation of their PCP and medical staff, they are more likely to fill out the screening questionnaire and follow-through with treatment.
In such situations, REACH improves (Kyngäs, Hentinen, & Barlow, 1998) . Study staff, PCPs, and clinic staff members must maintain open and frequent conversations to move forward with the study and maintain momentum.
The Relational Work Implementation Model demonstrates the plausible internal barriers that ultimately impact the participant or, in nonresearch settings, the patient and population as a whole. It brings further explanatory power to the implementation process. Our model is similar to a nonlinear theory model cited in Coryn and colleagues (2011) that assesses planning and implementation of a program. Their model, like ours, includes a change model that actively responds to occurrences and needs during the implementation process. We too consider how internal barriers impact study implementation. Our model allows researchers and all stakeholders a clear view of how a study is implemented, in addition to whether the intervention is successful.
To our knowledge this is the first report that quantifies barriers to an adolescent preventive mental health intervention in primary care. A strength of our study is our use of actual clinics instead of simulated encounters, which allowed us to observe the problems that routinely arise in the current healthcare system. The study is highly generalizable due to the large sample of participants and clinics involved, and their locations in urban and suburban locations. Furthermore, our study spanned five years.
Limitations
Limitations of the study include the methods by which REACH lost to internal barriers was constructed in reference to the definition of "gold standard." Due to the limited research available on the utilization of depression prevention interventions, and also more specifically among adolescents, it is difficult to determine the optimal clinical value of REACH. Another study weakness is the low enrollment values as compared to the expected positive screens. However, this could be secondary to an overestimated value of at-risk adolescents circulating within the clinics, as the actual number of at-risk adolescents may vary considerably from clinic to clinic and between the Chicago and Boston areas. Also, the narrow range of the depressive symptom instrument of the CES-D, although increasing the specificity for enrollment, leaves the possibility of a significant number of false negatives being excluded. Finally, we are unable to quantify external barriers such as time lost due to terrorism, economic downturn, or regulations imposed by the government. Although we recognize they are responsible for time lost in the study, there are many factors that influence the participation of a clinic, and these factors may be outside the control of study staff.
Conclusion
Our findings have implications for policy and practice.
Our results may challenge our understanding of the impact of healthcare reform and corporatization of medicine. Wellintentioned policies and integration strategies may ironically increase barriers to innovation both by adding new steps and process barriers and by simply fatiguing staff in clinical practice. Similarly, in the modern regulatory state, complex overlapping policies and regulations may actually impede the ability of policy makers to implement new and innovative strategies. It is now ironic, and perhaps fitting, that in trying to develop and implement mass prevention models for prevention of mental disorders such as depression, the very trends (e.g., social isolation, anonymity) that may contribute to the elevated risk of depression in our society may in fact impede preventing it. The answer may be a refocus on the relational work that may at least humanize work environments and ease the burden of the increasing regulatory and corporate structural burdens. Successful implementation needs to address the competing demands of health policy that focuses on population health improvements and the emphasis by providers on personalized medical care that focuses on an individual's needs. For the prevention of mental disorders in children and adolescents in primary care, this can only be done by maintaining and increasing the humanitarian aspects of the practices while availing practices of the all the improved managerial systems of corporate healthcare.
